Artificial chaperone-assisted refolding of bovine carbonic anhydrase using molecular assemblies of stimuli-responsive polymers.
An artificial chaperone, which can decrease the protein aggregation and increase the reactivation yield of denatured protein in a fashion similar to natural chaperone, was newly developed using stimuli-responsive polymers. It has previously been reported that the addition of poly(propylene oxide)-phenyl-poly(ethylene glycol) (PPOn-Ph-PEG) with the unit number of PPO (n) 33 could enhance the refolding of bovine carbonic anhydrase (Kuboi et al. J. Chromatogr. B 2000, 243, 213). PPO-Ph-PEG with a large PPO chain (n = 50) was synthesized and the surface properties were characterized by both the relative fluorescence intensity of 1-anilino-8-naphthalene sulfonate (ANS) and the fluidity determined by diphenylhexatriene (DPH). The variation of ANS intensity and DPH fluidity is shown in a diagram as functions of temperature and polymer concentration. The high values of ANS intensity and fluidity of PPO50-Ph-PEG were obtained in a relatively wide conditional range (more than 0.08 mM and more than 15 degrees C) although the conditions showing the high values of PPO33-Ph-PEG were restricted (more than 0.1 mM and more than 40 degrees C). It was also found that molecular assemblies of PPOn-Ph-PEG with diameters of 7-18 nm were formed in the above conditions. On the basis of the surface properties of their polymer self-assemblies, the possibility of using them as an artificial chaperone was investigated. The effect of the addition of PPOn-Ph-PEG on the reactivation yield of a model protein, carbonic anhydrase from bovine (CAB), and the optical density of the solution was examined at various temperatures and concentrations. The reactivation yield of CAB was strongly enhanced and the aggregate formation (the optical density) was suppressed by adding PPOn-Ph-PEG in the above conditions, which show high ANS intensity and DPH fluidity. Especially in the presence of 0.1 mM PPO50-Ph-PEG, the reactivation yield of CAB reached approximately 100% at 40-55 degrees C. It was thus found that self-assemblies of the present polymer could be utilized as an artificial chaperone by selecting suitable stimuli conditions.